In order to test whether the N-terminus of epsin 1 undergoes a conformational change upon membrane interaction, we generated spin labeled derivatives of the epsin 1 ENTH domain and recorded their EPR spectra in solution and when bound to liposomes containing 10% phosphatidylinositol 4,5-bisphosphate (PIP 2 ). As illustrated in Fig. S1 , all EPR spectra for the singly labeled N-terminal sites (positions 4-14) give rise to sharp and narrowly spaced lines of large amplitude when no liposomes are present (Fig. S1 , black dashed line). These spectra indicate very high mobility and are in agreement with the highly dynamic structure of the Nterminus shown by NMR and X-ray crystallography.
The N-terminus of the epsin 1 ENTH domain becomes structured upon membrane interaction
In order to test whether the N-terminus of epsin 1 undergoes a conformational change upon membrane interaction, we generated spin labeled derivatives of the epsin 1 ENTH domain and recorded their EPR spectra in solution and when bound to liposomes containing 10% phosphatidylinositol 4,5-bisphosphate (PIP 2 ). As illustrated in Fig. S1 , all EPR spectra for the singly labeled N-terminal sites (positions [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] give rise to sharp and narrowly spaced lines of large amplitude when no liposomes are present (Fig. S1 , black dashed line). These spectra indicate very high mobility and are in agreement with the highly dynamic structure of the Nterminus shown by NMR and X-ray crystallography.
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Next, the spin labeled derivatives were bound to liposomes containing 10% PIP 2 . All samples bound to membranes as assayed by co-sedimentation studies 2 and retained their ability to induce membrane curvature. Under the present conditions, the epsin derivatives caused tubulation as well as vesiculation with the latter being the predominant species as judged by negative stain electron microscopy (EM data not shown). It should be noted that the 7R1 derivative was not generated because this residue is involved in coordinating headgroup binding via two contacts. 2 In the presence of liposomes containing 10% PIP 2 (Fig. S1 , red trace), all spectra exhibit pronounced line broadening and concomitant reduction in signal amplitude in agreement with a previous study. 3 To visualize the line shape changes of the R1 sidechain in the liposome-bound form, all spectra measured in the presence of membrane are shown at five-fo ld increased magnification. Most spectra display the characteristic line shapes observed for surface sites in a-helical structures. The spectrum for 8R1 is more complex as it has an additional sharp component (Fig. S1 , green trace) that could readily be subtracted using the spectrum of the unbound protein and the resulting spectrum is indicated by the red trace. According to the crystal structure of epsin 1, the ENTH domain in the presence of the headgroup IP 3 , 2 R8 forms a direct contact with the headgroup and this mutation is likely to reduce (but not abolish) the binding affinity. More strongly immobilized components are observed at a few sites (5R1, 8R1, 9R1, and 12R1, Fig. S1 , see arrow) suggesting that the R1 motion is restricted at these sites, possibly due to contacts with nearby residues or headgroups (see below). These spectral changes indicate structural ordering in residues 4 through 14 in the presence of liposomes.
Secondary structure and membrane topology of liposome -bound H 0
To further characterize the structure and topology of the membrane-bound form of the ENTH domain, we measured the accessibilities of the R1 side chain to the paramagnetic colliders, O 2 and NiEDDA. The nonpolar O 2 preferentially partitions in the hydrophobic environment of the membrane while the more polar NiEDDA preferentially partitions in the solvent. Thus, membrane-exposed residues are more O 2 accessible while solvent-exposed sites are more accessible to NiEDDA. [4] [5] [6] When plotted as a function of residue number, the accessibility parameters (ΠO 2 and ΠNiEDDA) exhibit periodic and out-of-phase oscillations that are highly characteristic of regions that are exposed to membrane on one side and to the aqueous environment on the other. The accessibility data can be conveniently summarized by the depth parameter Φ (where Φ=LN [ΠO 2 /ΠNiEDDA]) which increases proportionally with increasing immersion depth in the bilayer. As shown in Fig. 1e , Φ oscillates periodically with respect to residue number and the period of this oscillation corresponds to that of an a-helix. In this helix, residues 6, 10, 13 and 14 are lipid-exposed (magenta filled circles) while residues 5, 8, and 12 are the most solvent accessible (green filled circles). Moreover, when plotted using a helical wheel representation (Fig. 1f) , the lipid-exposed residues (magenta) cluster together and lie on the opposite side of the solve nt accessible residues (green).
Previous studies using SDSL demonstrated that Φ values are proportional to the depth of membrane insertion, and that this depth can be calibrated using spin-labeled derivatives of phospholipids. 6 Based on the calibration described in Materials and Methods, the average immersion depth of the lipid-facing R1 side chains (Φ maxima) is on the order of 8 Å. Inasmuch as the nitroxide moiety of the R1 sidechain is typically within 7-10 Å of the center of the helix, 7 we can estimate that the center of the epsin 1 ENTH domain N-terminal helix is, therefore, at the level of the headgroups where it is likely to exert membrane "wedge" effects, leading to membrane curvature generation. Fig. S1 . X-band EPR spectra of R1-labeled epsin 1 ENTH domain derivatives in buffer in absence (black dashed line) and presence of lipid (red solid line). The green trace for 8R1 is the experimentally determined spectrum prior to subtraction of the spectrum for the soluble form. All spectra were normalized to the same number of spins and the spectra for the membranebound forms are shown at five-fold magnification. The scan width for all spectra is 100 Gauss. Local orientational order parameter is defined to quantify relative orientation ENTH with respect to neighboring ENTHs. This order parameter is calculated as the dot product of orientations between two H 0 of ENTH, averaged over all pairs that are within 5 nm, and indicates the average alignment among local neighborhoods of ENTHs. A perfectly aligned neighborhood has an averaged value of 1. The control experiment (red line) is used to study the condition in the absence of additional attractive interactions between CG site 1 and CG sites 2 for inter-protein interactions. Details of the CG simulation system setup can be found in the Materials and Methods section of the main text. Fig. S3 . Time dependence of local orientational order parameter for the membrane vesicle system. Local orientational order parameter is defined to quantify relative orientation ENTH with respect to neighboring ENTHs. This order parameter is calculated as the dot product of orientations between two H 0 of ENTH, averaged over all pairs that are within 5 nm, and indicates the average alignment among local neighborhoods of ENTHs. A perfectly aligned neighborhood has an averaged value of 1. The black line represents the system with randomly arranging ENTH monomers on the surface of membrane vesicle, whereas the red line is the control experiment starting off by randomly arranging ENTH dimers on the surface of the membrane vesicle. Details of the CG simulation system setup can be found in the Materials and Methods section of the main text. Table S1 . Type B tube is divided into either five or seven segments and computed averaged local orientational order parameter for each individual segment. Data used to compute averaged lo cal orientational order parameter were taken from the last 4.5M timesteps of trajectory of the type B tube system. The errors of the local orientational order parameter results in this table fall within a range +/-0.01. The error was estimated by calculating the standard deviation of the averaged order parameter over 1.5M trajectory blocks over the last 4.5M timesteps of simulation trajectory. 
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